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Abstract
Along with the development of internet connected devices, Mobile Marketing is expected to be ubiquitous in the near future.
In order to deliver right mobile oﬀers, the need to better know the customer is now crucial. This article develops a theoretical
marketing framework to categorise the most relevant information linked to mobile data which complements traditional CRM data
models. Three dimensions are identiﬁed: context, time line and source of the information. The matching of this framework with
the current and future mobile technologies is then analysed.
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1. Introduction
Wearable mobile devices like smart phones, smart watches and smart glasses can nowadays be considered as unique
sensors of human life. Most people carry one or several of them almost all the time in their everyday life more than
other technological devices such as laptops or tablets and they consider them as personal1: under normal circum-
stances, people usually do not share them with their partners or anyone else. At the same time, mobile devices reveal
useful information for many research ﬁelds: urban planning, epidemiology, sociology, marketing, security,. . . Some
research ﬁelds like urban planning consider a community of mobile users as a single unity of focus. Others, like
marketing, deﬁne the mobile user as the ﬁrst level of analysis.
For this marketing context, to build a 360◦ view of the customer is an important task: the more the overview of
the customer is complete, the more marketeers will be able to target him or her with custom oﬀers. Researchers in
mobile marketing indeed agree on the need for strong relevance of propositions1,2,3,4,5: messages have to be targeted
to a speciﬁc user at a given point of time. For example, taking into account the current location of the user is seen as
important. To make oﬀers appropriate, a good understanding of all information available is consequently crucial to
avoid the customer’s deciding to opt out (that is, asking to get no more oﬀers).
In Customer Relationship Management (CRM) literature, a 360◦ view of the customer is usually based on a data
model designed for a speciﬁc business: socio-demographic data of the customer are coupled with transactional data
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and with inbound/outbound interactions between the customer and the company to get an overview of the past and
current activity of the customer. To the best of our knowledge, no complete CRM data model including customer
mobile data has been published. As mobile marketing is expected to grow in the future, the various information
highlighted by such a model would oﬀer a framework to conceive new data mining models. This paper investigates
how to structure mobile device data into speciﬁc pieces of information about the mobile user for marketing purposes.
The proposed theoretical framework organizes mobile data into a complementary view of the mobile user. Then,
issues about concrete current and future mobile data are reviewed within this framework from a technical point of
view.
The rest of the paper is organized as follows. In section 2, we discuss current research on CRM data models and
position our proposal with respect to the state of the art. In section 3, our typology of the diﬀerent information collected
by mobile devices is proposed. Three dimensions are designed: the ﬁrst two dimensions position the mobile user in
his/her context and time; the third dimension is focused on the source of data. In section 4, the typology is compared
with the current mobile technology. The sources of the data are discussed. Section 5 assesses the model’s robustness
to the potential incorporation of future technological developments. The last section concludes our contribution and
foresees future work.
2. Background
Let us draw a brief overview of marketing literature to shed some light on the content of customer data with a focus
on information coming from mobile data. Then we conclude this section by introducing our proposition of theoretical
framework.
In the scientiﬁc literature6,7,8, customer data are recognised as one of the diﬀerent elements of the CRM data
model. These data are however not further highlighted beyond the common sense that customer data include socio-
demographic details. For example, Chan7 proposes an integrated CRM framework where customer data is in the heart
of the model and connected to external and internal CRM data sources of the company. This source is however not
further described.
Speciﬁc CRM Models explicitly including mobile customer data are so far scarce. Starting from the strategic
marketing goals of a company, Ghose et al. 9 elaborate a framework identifying some selected research issues linked
to the use of mobile devices by their customers. In its agenda overview 2014 of mobile marketing10, Gartner proposes
a data model where the history and the interests of the mobile customer are analysed according to four factors (time,
location, context and community) to develop the mobile marketing strategy of the company. These two approaches
focus on some parts of mobile data but they do not consider all kinds of mobile data.
Along with the development of mobile commerce, the recommender system literature has recently explored the
value of contextual information to make recommendations more appropriate where the context is considered as any
supplementary information other than the users’ratings and products’features. Adomavicius et al. 11 deﬁne four kinds
of context in their review of context aware recommendations systems: physical context, interaction media contexts,
social context and modal context.
Our framework extends the approach developed by Adomavicius et al. by extending the scope of the modal
context (called personal situation in our proposal), reconsidering the diﬀerent kinds of interactions and by adding
two supplementary dimensions: the time line and source of data. Moreover, our approach focuses on the speciﬁc
case of mobile devices. Compared to traditional CRM models presented above, this proposal is not a substitute
but complements these models: the digital traces left by mobile devices are the opportunity to enrich the customer
information part of these models. Our framework, called mobile 3D (M3D) model, is presented in the next section.
3. The mobile 3D model
The M3D model classiﬁes mobile information according to three dimensions. The ﬁrst dimension represents the
mobile user in his/her situation and his/her interactions later referred to as context. The second dimension considers
the time line as a major feature to analyse the evolution of the context. The last dimension is a more technical
dimension: it indicates if the information is directly obtained from mobile data or inferred from these data.



















Fig. 1. Mobile 3D model: the dimensions
Figure 1 gives an overview of theM3Dmodel. Each cell represents a speciﬁc set of information classiﬁed according
to the three axes. The context dimension on the ﬁrst axis is composed of two categories: situation and interaction,
each of them being subdivided. The situation category represents the user in his/her individuality and environment.
The interaction category includes three kinds of interaction: between humans, between human-machine and between
machines. The three planes refer to three moments of the time line dimension on the second axis: past, present and
future. The source dimension on the third axis is split into two kinds of information: that directly obtained from
mobile data and that inferred from mobile data.
The rest of this section considers each axis in their turn. The axis is ﬁrst described. Its interest in the context of
Marketing is then highlighted.
3.1. Context dimension
In the context dimension, the M3D model distinguishes the context related to the situation of the mobile user and
the context related to his/her interactions.
The situation context includes two sub-categories: personal situation and environmental situation. The personal
situation of the user covers any speciﬁc information obtained with mobile data about him/her from inside : medical
parameters (blood pressure, body temperature,. . . ), state of mind, feelings,. . . For marketing applications, depending
on his/her personal situation, the mobile user may be more receptive to some oﬀers than others. For example, Su et
al. 12 propose a methodology to recommend some music to the mobile user depending on his current activity including
among others heartbeat and body temperature.
The environmental situation of the user includes the localisation of the user and some more information derived
from his/her localisation like the corresponding weather or the kind of land. A typical use of this information for
marketing is to personalize the proposition according to the user’ s current location. Based on an experiment on
12,265 mobile users, Luo et al. 13 notice the importance of location based mobile marketing oﬀers.
A more advanced marketing use of the environmental situation concerns the analysis of successive locations to
better know a mobile user by shedding some light on his/her daily routines and his/her lifestyle. For example, Goh et
al. 14 associate semantic meanings to wiﬁ to discover the user’s lifestyle.
The interaction context includes three categories depending on the nature of the contacts in presence: Human-
Human, Human-Machine and Machine-Machine. Human-human interactions concern information about the interac-
tions of the user with other people. At the more basic level, it includes the fact that he/she has an interaction with one
or more persons. Some more advanced information is retrieved for example by catching the frequency of his/her con-
tacts with other people. Marketing could use this information to analyse the social identity of the user: for example,
de Montjoye et al. 15 use standard call detail records to infer some personality traits of mobile users.
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Human-machine interactions are the interactions of the user with his/her mobile device. These interactions include
the use of applications, web surﬁng and the use of phone functionalities (if applicable). From a marketing point
of view, these interactions may reveal a lot of information about the interests of the user like the kind of music most
played on the mobile or the use of games. The diary also mentions useful data. In the same manner, web surﬁng reveals
a lot of information about the user linked to the web pages visited, the recommendations left, (web) purchases,. . .
The last kind of interactions are the Machine-Machine interactions. This case occurs when the mobile device
interacts with another machine without the intervention of the user. To the best of our knowledge, Machine-Machine
interactions are currently not common. To illustrate this kind of interaction in the web of things, Pentland16 suggests
a future society where ”the bus comes just as you get to the bus stop”.
Looking further down this last example, the diﬀerent kinds of interactions could be still more subdivided according
to the trigger of the interaction: proximity based or not. For example, the geofencing technique used in marketing can
be considered as a proximity based human-machine interaction: based on the arrival of the mobile user in a speciﬁed
geographic area, he/she receives an appropriate message like a reduction to buy perfume in the perfumery located
in the commercial hall where he/she has just arrived. The mode of communication could also be used to subdivide
the diﬀerent kinds of interactions: synchronous interaction (like a phone call) versus asynchronous interaction (like
a SMS exchange). To keep the model simple, we only consider the sub-categorisation according to the nature of the
contacts in presence (Human-Human, Human-Machine and Machine-Machine) as part of the M3D model.
3.2. Time line dimension
As suggested before with the examples using the current location of the user and his/her past locations, the context
dimension can be viewed in a dynamic way using the time line as a supplementary axis of analysis. The time is split
into three categories according to a certain point in time considered: information about past contexts that occurred
before the current point of time, the context at that moment called the present context and information about future
contexts deduced from the intentions of the user gathered till this point of time.
Here are some marketing examples for the three categories. Past information should be used to better know the
mobile user. For example, Takeuchi et al. 2 propose a recommender system suggesting shops to mobile users based on
their past location history.
For a qualiﬁed oﬀer identiﬁed with the help of past data, the present context gives important information about the
current relevance of a speciﬁc oﬀer. In the example above, the system also takes into account the ease of access to the
shops for a given current user location.
Knowing the intentions of the user about future contexts oﬀers the opportunity to deﬁne which kind of proposition
would be interesting to make. For example, if the diary of the user mentions that the user is going to a restaurant
for dinner with friends in the center of the city, some propositions matching his/her kitchen preferences could be
delivered.
3.3. Origin dimension
Looking back to the example provided with the analysis of past locations, a distinction can be made between
information directly obtained from mobile data and derived information from these mobile data. This is the third
dimension of our framework called origin. For example, based on the location of the person, we can infer other
information like the corresponding weather or the closest restaurant. Human-human proximity interactions inferred
from proximity between mobile devices are also derived information.
The inference may include much more supplementary information from the observed one, some being part of
the M3D others not. The kind of weather deduced from the time and location may be considered as a more factual
information than the next step of the user within his/her daily routine. It is consequently necessary to deﬁne the
boundaries of the model: which kind of information is part of our framework and which kind of derived information
should be part of the marketing activity ? We consider all direct information as part of the M3D model. With respect to
derived information, we consider as part of our framework all descriptive conclusions based on the observation of the
past and the present of this user through his/her mobile device which does not include any supplementary information
based on other people. Inferred information about the future is part of the model if it is based on the intention of the
user (e.g. mentioned in his/her diary or left on a social network). For example, the corresponding weather is part
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of the model as only the time and the location of the user are needed to retrieve it. By contrast, the analysis of the
network of the user is not part of it as this information aggregates data of diﬀerent people.
4. Current mobile technology in the light of M3D model
In this section, the M3D model is applied to the current mobile technology. What information can be currently
collected to ﬁll in the model ? There are usually several sources for the same information. These sources should not be
seen as contradictory but they can be, at least in some cases, combined to get information. The sources of information
are discussed below following our framework. Theoretically, this work could be done for each combination of the
diﬀerent values of the three dimensions. To ease the reading, the various features of the context dimension are ﬁrst
discussed by going through all the possible values for the time line and the corresponding source. The speciﬁcities of
the time line dimension and the origin are discussed respectively in subsections 4.2 and 4.3.
4.1. Sources of information following the context dimension
The two following paragraphs discuss in turn sources of information for situation context and interaction context.
4.1.1. Situation
With respect to the personal situation, the medical sensors are a ﬁrst source of information to observe the internal
state of the user from mobile data. For example, the blood pressure measured with the use of some smart watches
can be captured. Interaction data are a second source of information. From written texts like in Twitter, a Sentiment
analysis can be performed to translate the text into feelings17. The Analysis of voice during calls also indicates useful
information about the state of mind of the user like the interest in the conversation18.
For the environmental situation, the basis information is the location of the mobile. There are mainly three diﬀerent
ways to catch this location with corresponding limits and data quality issues behind. These diﬀerent sources can also
be combined to beneﬁt from the advantages of each. They consist in:
• recording the closest cell tower(s) of the mobile. This is often done by researchers using the closest cell tower
leading to an inaccuracy depending on the density of the network of cell towers: from less than hundred meters
to a few kilometres19. Another method is to use triangulated cell tower data allowing to get a 200-300 meters
accuracy with an ad-hoc algorithm20.
• using the Global Positioning System (GPS): the accuracy of location is a few meters19 which is much more
accurate than the cell tower based approach. However, a GPS is not available for all mobile devices and it
doesn’t work indoor which can lead to some issues when the activity to monitor is inside like in a supermarket.
• capturing the location fromWi-Fi or ﬁxed Bluetooth. This implies the use of a database making the link between
the Wi-Fi or ﬁxed Bluetooth id and the a priori known location of this equipment.
The speed of movement can be seen as derived information of the successive locations. Some mobiles are however
equipped with an accelerometer which allows a better speed accuracy than based on the distance as the crow ﬂies
(between two logs of location capture).
Notwithstanding the source of the information, there are two general data censing problems of the situation con-
text21: turned oﬀ mobile device (generally the case during the night) and mobile device left alone (the user forgets or
does not carry his/her mobile).
4.1.2. Interaction
The sources of the interaction category depend on the kind of interaction: human-human, human-machine or
machine-machine.
With respect to Human-human device mediated interactions, there are two cases of social interactions considered:
real time interaction or interaction deferred in time. Real time interactions are met during calls or on-line chat.
Deferred interactions happen during exchanges of text messages, emails and social network activities. In some cases,
it is also possible to identify the person in interaction with the mobile user.
80   Christian Colot and Isabelle Linden /  Procedia Computer Science  52 ( 2015 )  75 – 82 
Human-human face to face interactions sources are currently less easy to catch. These interactions can be inferred
from a proximity interaction between machines: the reception of a Bluetooth signal by the mobile device of the user
can be exploited to assess if he/she is alone or with other people. In some cases, the signal can even lead to a unique
identiﬁcation of the interlocutor with the use of a database making the link between the Bluetooth id and the identity
of the person. The mobile detects other Bluetooth signals in a range from 5 meters up to dozens of meters depending
on the Bluetooth chipset21.
Unfortunately, the use of Bluetooth to observe the user’s interaction with other people suﬀers limitations:
• The Bluetooth signal has to be activated on all the mobiles of the users in common
• Bluetooth signals could be made by PCs for example instead of mobile devices
• Someone can stay/walk near someone else without having any interaction
• A Bluetooth signal can be detected trough thin walls
• If turned oﬀ or left alone, a mobile would provide irrelevant information through regarding the situation context.
Human-machine interactions can easily be captured given that these interactions include the mobile device. The
activity log of the mobile device constitutes the source of information. This source of information is robust providing
that all interaction events are captured with the right level of granularity and that data storage issues of this potentially
big log data are appropriately managed.
Machine-Machine interactions considered in our model are the interactions between the mobile device and another
machine. The source of information is also here the activity log of the mobile device.
4.2. Sources of information following the time line dimension
With respect to the time line dimension, the sources of information are the same for past and present information
and are consequently presented in common. About future information, as the corresponding limit of inference is
diﬀerent in this last category (see 3.3), the sources have to be considered separately.
About the past and present information, interactions sources are based on discrete data as these data are event based
like remote interactions during phone calls. These events are recorded with the corresponding time. By contrast, for
the personal situation and environmental situation, data are continuous: a speciﬁc value could theoretically be recorded
for each moment like the localization of the user. For the environmental situation, the frequency of the localization and
time registration depend on the sensor used. With “call data” issued from a telephone company, the location and time
are recorded during the following events: calls, sms exchanges, web surﬁng and also when the mobile communicates
to the cellular access points20. With a mobile dedicated application, the time and location are usually recorded every
X units of time. The choice of X is a trade-oﬀ between the accuracy wanted and the acceptable use of mobile battery.
Another method is to record the location and time if there is a signiﬁcant change of location. Depending on the choice
of sensor, the accuracy of the recorded trajectories may greatly vary. For the personal situation, a mobile dedicated
application can also be used as a source of information.
About the future, as our model considers only the intentions of the user, the source of information could be the
mobile device (like the mobile diary) or web based information (like an e-ticket for an event).
4.3. Sources of information following the source dimension
As seen above, the source of direct information is typically the log of the mobile application or the “call data”.
For inferred information, the source is composed of at least some mobile data of the user and also composed, in some
cases, of supplementary accessible external data like the weather retrieved from the corresponding time and location.
5. Future technology and robustness of our model
In the previous section, we analysed the current content of the M3D model using the existing mobile data technol-
ogy. In this section, our framework is discussed using a long forward perspective: will this model stay relevant when
new kinds of mobiles or new features of mobiles are developed ? The approach chosen is theoretical: the aim is to
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illustrate the robustness of the model and its capacity to include new developments, this is however not our ambition
to list all future potential technological inventions in this domain. Each dimension of our framework is approached
successively.
5.1. Boundaries of context dimension
The limits of the context dimension are discussed below, ﬁrstly for the situation category and then for the inter-
action category. For the boundaries of the personal situation, some new technological developments can be expected
to better know the user’s personal situation. From a physical perceptive, the mobile device could measure some
more information like the internal temperature, the heart rate,. . . From a behavioural perspective, the sensing of the
expressiveness and movements of the user facing a certain situation would give some information to interpret this
situation from the user point of view. Someone looking up left to answer would for example lie according to Neuro-
linguistic programming. From a cognitive perspective, let’s consider the extreme case where mobile devices would
reveal the thoughts of the user. As seen here, the modal context category is able to integrate many future technological
developments.
For the environmental situation, some new features are also expected to be available in the future. With respect to
localisation, this information is usually currently seen as two dimensional information: latitude and longitude. The
altitude is a third dimension which is already standard for some sport watches. This last information may be part of
the physical context of future mobile devices.
Some other information of the environmental situation is currently derived from the location and eventually the
time. In the future, some new sensors of the mobile device could capture information previously inferred to get
more accuracy. For example, the temperature or the humidity can currently be inferred from the current location of
the mobile user. This information is right if the person is outside and with no sun exposure. For some marketing
applications, it could be interesting to have the right information that the mobile user is facing: for example, if some
wind is detected close to a closed window, it is the opportunity to propose a new one.
With respect to the limits of the interaction category, the three corresponding diﬀerent sub-categories discussed
above are discussed in turn. As said above, human-human proximity interactions are inferred from machine-machine
interaction and cannot currently be assessed with a great accuracy. Even if the presence of someone is detected in the
neighbourhood, no deﬁnitive conclusion can be determined about any interaction: they can even be in the same area
without having any eye contact. In the future, one could imagine smart glasses performing face or eye recognition of
the other person leading to a better accuracy to detect this kind of interaction.
Other kinds of human-machine interactions can be imagined in the future. Mobile devices could serve as electronic
wallet, loyalty card (already the case for some business), tour guide,. . . Like the current human-machine interactions
possibilities, all future kinds of interactions of this type could be registered given that these interactions are supported
by the mobile device.
Machine-Machine interactions are also expected to evolve in the future among others along with the development
of home automation: the mobile device could for example monitor the activity of elderly people in their house to
check if they do not meet any issue: for example if they do not go to the kitchen for breakfast before a certain time
in the morning, there could be an alert that something wrong occurs. The source of information would also be the
activity log of the mobile device.
The discussion above with respect to the limits of the context dimension seems to show that this dimension of our
framework should be able to integrate new features.
5.2. Boundaries of time line dimension and the source dimension
The time line can be considered as the most robust dimension in the model. With respect to the limits of source
dimension, it is diﬃcult to imagine how this dimension could evolve but more information will be available. On the
one hand, as mobile devices are expected to measure more information by means of direct sources, some inferred
information will become direct. On the other hand, these new direct sources could lead to infer some more other
information.
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6. Conclusion and next steps
Mobile marketing is expected to be ubiquitous in the future. This article proposes an organisation of the information
gathered from mobile data called M3D model which would be helpful for future mobile marketing initiatives. Three
dimensions of classiﬁcation are identiﬁed: context, time line and source. Their deﬁnition and potential uses for
marketing are ﬁrst discussed. The ambition is to identify the most relevant kind of information for marketing purposes.
The current sources of information to ﬁll in these dimensions are then analysed along with their current limits. In
the last section, the robustness of the model is analysed with the discussion of possible technological developments
showing that this model is expected to be able to incorporate new features and new kinds of mobile devices.
The privacy issue is not part of this article. This is however a big mobile marketing issue: before using mobile data,
marketeers should know which data they can gather and under which conditions. Above the legal aspect, marketeers
should also know if the users would be ready to receive mobile marketing communications and also under which
conditions16,22. According to academic market research, the opt-in is seen as a must by customers1,3,4,5: before
starting sending any marketing message, the marketeer has to receive an explicit authorization from the user.
This article does not address either other uses than marketing. The next step of our research will consist in a review
of current and future applications of mobile data in the light of our model. Other perspectives are under consideration.
In particular, the proposed framework will oﬀer a support to various research questions. Beside the exploration of
marketing strategies relying on mobile data, note as examples a more speciﬁc development of the inference algorithms
to feed the model, a study of the quality of the collected data and reconciliation of conﬂicting sources.
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